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Introduction
A number of recent studies have identified a positive link between the presence of immigrants and the level of innovation in firms. This is an important finding, since it suggests that immigration may raise competitiveness and growth. Such effects could generate significant long-term welfare gains, but are not generally taken into account in static appraisals of the costs and benefits of immigration.
We examine this question using firm-level data from New Zealand -a country with a high rate of immigration and a highly skilled foreign-born population, and rates of business innovation similar to European economies. Specifically, we use firm-level innovation data linked to area-level workforce composition measures to examine whether firms operating in areas where immigrants form a relatively high proportion of the workforce are more innovative than firms in other areas. As in many countries, immigrants are geographically concentrated within New Zealand, resulting in significant variation in the immigrant and skill composition of local workforces faced by different New Zealand firms.
Immigrants are also disproportionately concentrated in larger urban areas, where the potential for interactions and knowledge spillovers is strongest. New Zealand has internationally high rates of immigration, and immigration policies that encourage a highly-skilled inflow of immigrants. In 2006, 26 percent of the working age population was foreign born, and 38 percent of recent migrants had a university degree, compared with only 17 percent of the NZborn (Maré and Stillman, 2009 ). The resulting spatial variation in workforce composition provides a fertile setting in which to examine the link between immigration and innovation.
A range of mechanisms have been posited to explain the influence of immigration on innovation.
1 1 Audretsch and Feldman (2003) provide a more general survey of the geography of innovation, though without explicit reference to the role of immigration flows, noting that "the mechanisms transmitting knowledge spillovers remain relatively unexplored and unknown".
Immigration has the potential to change the demographic and skill composition of the workforce in ways that may promote or impede innovative activities. For instance, skilled immigration may increase the number of research workers -a key innovative input. Furthermore, immigrants may bring different types of knowledge than are available in the non-immigrant population. Immigrants may thus increase the diversity of knowledge in an area and, through local interactions, contribute to innovation within local firms (Alesina and Ferrara, 2005) . Immigrants may embody knowledge and skills that are not otherwise readily accessible locally, and they often have access to a different set of personal and business networks from those of non-immigrant residents. These differences have the potential to raise the productivity and creativity of local interactions, and to promote knowledge spillovers and innovation.
The nature and range of local interactions that contribute to business innovation are potentially varied. Local face-to-face interactions have been identified as a key ingredient in firms' innovative activities (Storper and Venables, 2004; McCann and Simonen, 2005) . So too have formal links between local firms and institutions, either as part of a formal network of relationships, summarised as the 'regional innovation system' (Asheim and Gertler, 2006) , as less formal firm-to-firm interactions that occur in clusters (Porter, 1990) , or as a result of interactions between diverse firms in the 'local innovative milieu' (Maillat, 1993; 2 Other studies use more general measures of local workforce composition and gauge their impact on regional innovation, often using the construct of a regional knowledge production function (Jaffe, 1989 ) that estimates innovation measures (often patents or R&D) as a function of regional factors. Faggian and McCann (2006) analyse regional patent application rates in Europe as a function of local educational and occupational measures, including the inflows of graduates, finding that inflows of highly mobile graduates promote Shefer and Frenkel, 1998) . Several studies have pointed to the important role of intra-regional inter-firm transfers of personnel as a mechanism for achieving innovative interactions (Angel, 1991; Almeida and Kogut, 1999; Breschi and Lissoni, 2009 ).
Reflecting the range of potential mechanisms, the empirical literature on labour migration and innovation has examined innovation-workforce interactions in a variety of ways. Hunt and Gauthier-Loiselle (2010) find evidence for knowledge spillovers from highskilled immigrants to US-state patenting rates. Although immigrants' patenting rates are no higher than those of similarly trained non-immigrants, their presence is linked to higher statelevel patenting rates among non-immigrants. Similar inferences are drawn from state-level panel data (Peri, 2007) , time series patterns (Chellaraj et al, 2008) and cross-country panel analysis (Le, 2008) . Zucker and Darby (2009) focus more closely on the geographic movements of key individuals ("star scientists") and identify a link between their movements and firm entry and innovative activity in receiving countries and regions. In a similar vein, Almeida and Kogut (1999) follow individual star patent holders to trace local knowledge transfers in the semiconductor industry.
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As cited in Andersson and Karlsson, 2006. innovation. Using measures of firm rather than regional innovation rates, Simonen and McCann (2008) examine the relationship between Finnish firms' innovation outcomes and the proportion of their workforces hired from outside their region. Their findings point to a positive impact on innovation of hiring workers from outside the region who have worked in the same industry elsewhere.
Our paper also examines firm-level innovation outcomes, though examining whether they are linked to the composition of the regional workforce rather than just of the firm's own workforce. Regional labour force composition may provide a more relevant measure of the stock of human capital that might influence a firm's innovative activities and outcomes, if interactions are not confined to within the firm. Especially for workers in small and medium sized firms, the local or regional workforce is likely to be an important source of interactions and ideas.
Our work confirms a positive relationship between firms' likelihood of introducing new goods and services and workforce composition measures in New Zealand (the proportion of migrants, the proportion of people new in the area and the proportion of high skilled). The relationship is weaker for other innovation measures. However, once we use regression methods to control for other factors that are also related to firm innovation, such as firm size and research and development expenditure, we find little evidence of a relationship between local workforce composition and innovation outcomes.
The paper contributes to a relatively small literature on the determinants of firmlevel innovation outcomes in New Zealand. There is a broader literature on New Zealand's innovation system and policies, and the links between innovation and economic growth, which is well-summarised in OECD (2007) . Recent descriptive summaries of firm surveys provide benchmarks for business innovation measures in New Zealand (Statistics New Zealand, 2007 . Two recent papers have provided more in-depth statistical analysis of these survey data, examining the links between innovative practices and innovation outcomes (Fabling, 2007) , and between innovative practices and firm performance (Fabling and Grimes, 2007) . The current paper is the first to examine the link between local workforce characteristics and innovation. Section 2 of the paper summarises the data we use. Section 3 outlines our estimation method, and is followed by a discussion of results in section 4. Section 5 concludes. Our sample and definitions of innovation differ from those used in official reports.
Data

Business survey data on innovation outcomes
We include firms that were excluded from the official statistics but that nevertheless provide adequate information for the innovation outcomes we analyse. We reweight all observations in the industry/firm-size stratum to which these firms belong, so as to maintain the total sum of weights within each stratum. The observations added in 2005 are all of firms that are not subsidiaries. In 2007, additional observations are largely from firms that were sampled as part of the survey panel component. 6 We also repair some responses where they are inconsistent with questionnaire routing (eg, where a respondent fails to indicate whether the firm introduced new goods or services, but does indicate that new goods and services were new to New Zealand, we amend the former response. 7 All counts are randomly rounded to base three in accordance with Statistics New Zealand's disclosure rules.
Operations Module of the survey includes two broad questions on innovation outcomes over the previous year. Question 43 asks whether the business had entered any new export markets -an outcome that may plausibly be related to the presence of immigrants. Question 42 provides an indication of whether the firm had any innovations, defined as developing or introducing any new or significantly improved goods and services, operational processes, organisational/ managerial processes, or marketing methods. The Innovation Module of the BOS contains separate questions about each of these activities, although with a longer (two year) timeframe. Where a business introduces new goods and services, the questionnaire asks whether they were new to New Zealand or new to the world. We use these as additional innovation outcome variables, coded as 'no' where no new goods and services were introduced. One final question that we use from the Innovation Module concerns the reported source of new ideas, asking whether the business found new staff (those that had started in the previous two years) to be important as a source of ideas or information for innovation?
The top panel of Table 1 shows means by year for these innovation outcomes. The firms are classified as 'skilled', which we define as having at least half of their workforce in these broad occupational groups. We also characterise firms according to the proportion of their total expenditure accounted for by research and development (R&D) expenditures.
Roughly seven percent of firms report positive R&D expenditure, on average accounting for 0.3 percent of total expenditure.
Census data on local workforce composition
Information on local workforce composition, including the prevalence of immigrants in each firm's local area, is obtained from the 2006 New Zealand Census of Population and Dwellings. Within urban areas, we use information for individual area units.
Outside urban areas, population composition is measured as the average for non-urban area units in each territorial authority.
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We classify each member of the population aged 18 to 65 years of age according to qualification (tertiary qualified and other), nativity (born in New Zealand, born elsewhere), and recency of arrival (within the previous five years, or earlier). 10 For each qualification group, we have six sub-groups: two groups of people who were in the same location five years earlier (NZ-born and earlier migrants), two of people who were elsewhere in New
Zealand five years earlier (NZ-born and earlier migrants), and two of people who were overseas five years earlier (returning NZ-born and recent migrants). This aggregated workforce composition information is matched back onto each area unit. Geographicallysmoothed workforce composition measures are then calculated as a proportion of the population living within 10km of each area unit centroid. This averaging is necessary to ensure that populations are large enough to support the required disaggregation. Area units are roughly equivalent to city suburbs containing, on average, around 2,000 people. Area units with population of less than 100 are dropped from the analysis. For the small number of area units for which disaggregated population information could not be separately released under Statistics New Zealand confidentiality policy, population composition was measured as the average across all such areas pooled.
10
The Census collects information on each person's location (area unit) five years prior to the Census. Where responses identified prior location less precisely than area unit, it was assumed that respondents had not moved, unless their response indicated a territorial authority, Regional Council, island, or country different from their Census-night location. 11 .
Measures are smoothed using an Epanechnikov kernel with bandwidth of 10km. Weights are calculated as ¾*(1-(distance/10) 2 ) where distance<10 and 0 otherwise.
We then use information from the LBD on the location and employment of constituent plants within a firm to determine the geographic distribution of employment and, hence, a link to the smoothed local workforce composition measures. For firms operating in more than one location, local workforce composition measures are calculated as an employment-weighted average across the areas in which the firm is located.
The third panel of Table 1 summarises local workforce characteristics. On average, firms operate in areas where twenty-five percent of the population is foreign born, seventeen percent is highly skilled, and around half are new to the area. The migrant percentages and percent with university degrees are somewhat higher than the population averages, reflecting the fact that firms are concentrated in areas where migrants and degree graduates disproportionately reside.
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Descriptive evidence
In this section we summarise the raw relationships between selected innovation outcomes and local workforce composition, aggregated to the level of local labour market areas (LMAs). The largest LMAs are Auckland and South Auckland. These two LMAs have the highest percent of migrants and employment density and have a relatively high-skilled workforce. Firms in these LMAs also have a higher-than-average likelihood of introducing new goods and services. As can be seen in the first column of Figure 1 these LMAs also have a relatively high share of people new to the area, of high skilled people, and relatively high employment density. This positive relationship is consistent with immigration, skills, new ideas, and density contributing to business innovation outcomes. There is a weaker relationship between area characteristics and other innovation outcomes, as shown in remainder of Figure 1 . In order to gauge whether each of the area and workforce averages has an independent link with innovation outcomes, we examine these relationships in more depth using regression methods. This also allows us to control for differences in the nature of firms that are exposed to different local workforce characteristics across locations.
Estimation
For each of the nine outcome variables, we examine the strength of the relationship between local workforce characteristics and the innovation outcome by estimating using a maximum likelihood logit regression with the following general form:
where W jt is a matrix of workforce composition variables for all areas at time t and is a weighting matrix that generates the mean characteristics of areas in which firm i operates at time t.
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The workforce composition measures are geographic-average percentages of the 18-64 year old population. They are entered in the regression as deviation contrasts, so that coefficients reflect marginal effects relative to population means.
ln(Area Density) jt is the natural log of (spatially smoothed) employment per hectare within 10km of the firm, which also captures local population size. X it is a matrix of firm characteristics such as firm size, R&D expenditure, and the use of skilled labour. Industry dummies at the two-digit level ( IND ) are included to control for pronounced industry variation in average innovation outcomes and time effects  t absorb the influence of year-toyear changes in innovation rates.
14 13 The function f is the logistic link and ε it is an idiosyncratic error term, which has a standard logistic distribution with mean zero and variance normalized to π 2/3 .
Initially, we include three 14 As for standard dummy/share variables, one share variable must be omitted, so that the sum of included share variables does not add to one. By using deviation contrasts, the coefficients are invariant to which population measures, capturing the proportion of the local population accounted for by migrants, by degree-holders, and by people new to the area. We subsequently disaggregate the migrant share measure to estimate separate effects by recent as opposed to earlier migrants, and for returning New Zealand-born as opposed to New Zealand-born who were in New Zealand five years previously.
The logistic regressions are estimated taking account of the stratified survey design and survey weights. Coefficients and standard errors are reported as marginal effects, evaluated at sample means. The coefficients thus show the change in innovation outcomes associated with a one-unit change in the covariate, or, for dummy variables, the discrete difference in outcome.
Results
The first panel of Table 2 population share is omitted. This is implemented by transforming each proportion measure (p i ) using the following formula:
, where p i is the value of the group-i population share for a particular firm, p X is the population share for the omitted population group and λ X and λ i are the corresponding overall mean proportions for group-i and the omitted group. (0) 0.29 (0.98) Reported coefficients are marginal effects from logistic regressions, evaluated at means. Coefficients on share variables are normalised to show the deviation from overall mean outcomes. All estimates take account of the stratified survey design and weighting, and include a 2007 year dummy. Panel C regressions also include two-digit industry dummies. Numbers in brackets are standard errors (**;* significant at 1%;5% level respectively). Observation counts randomly rounded (base three). Lower observation counts in Panel C (columns 5 and 8) result from dropping industries in which no firms reported the outcome. Reported goodness of fit statistics are calculated as in Archer and Lemeshow (2006) .
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In Panel C, we present estimates from regressions that include industry dummies.
These estimates reflect the relationship between innovation outcomes and workforce composition as measured across firms in the same industry. It appears that much of the positive relationship between workforce composition and innovation reflects that fact that firms in areas with relatively high inflows of migrants and other new-to-the-area workers are disproportionately firms that are in industries that have high innovation outcomes in all areas.
There is only one significant positive relationship (at the 1 percent level) -firms in areas with a highly qualified workforce appear to have a statistically significantly higher probability of introducing new goods and services to New Zealand.
The estimates in Table 2 do not control for firm-level characteristics that may be related to both innovation and local workforce composition. In Table 3 , we report estimates of extended regressions that include a set of consistently measured firm characteristics reflecting the firms' use of skilled workers and expenditure on R&D. There is a consistent and strong positive relationship between firm size and innovation outcomes. The gradient is strongest for new operational processes and organisational/ managerial practices, and for the importance of new staff as a source of ideas. In contrast, firm size is a smaller factor in the introduction of goods and services that are new to the world, or in entering export markets.
The other consistently positive relationship is that the 7 percent of firms that report positive R&D expenditure have a higher likelihood of innovative outcomes. For this group, the probability of introducing a new good or service is 36 percentage points higher than for firms that do not have R&D expenditure.
The share of immigrants is not significantly related to any of the innovation outcomes. Being in an area where there is a high proportion of people new to the area is positively associated with the probability of reporting that new staff are an important source of ideas. Having a highly skilled local workforce is significantly associated with only one innovation outcome -the introduction of goods and services new to New Zealand. (0) 1.7 (0.08) Reported coefficients are marginal effects from logistic regressions, evaluated at means. Coefficients on share variables are normalised to show the deviation from overall mean outcomes. All estimates take account of the stratified survey design and weighting, and include two-digit industry dummies and a 2007 year dummy. Numbers in brackets are standard errors (**;* significant at 1%;5% level respectively). Observation counts randomly rounded (base three). Lower observation counts in columns (5) and (8) result from dropping industries in which no firms reported the outcome. Reported goodness of fit statistics are calculated as in Archer and Lemeshow (2006) .
The results provide little evidence of a link between innovation and local workforce composition.
15 Table 3 The lack of significance does not appear to reflect collinearity among the population composition measures, as entering each of the measures separately in the regression yields similar coefficients and standard errors. The only exception is that for the introduction of goods and services new to New Zealand, where each share measure is individually significant, although with similar standard errors to those in .
Given the importance of firm size and R&D expenditure as correlates of innovative outcomes, we subset firms along these dimensions, to test whether local workforce composition is a significant factor for some subgroups of firms, even if not overall. In Table   4 , we show estimates of the relationship between two key innovation outcomes -the introduction of new goods and services, and the introduction of new production processesand local workforce composition for selected subgroups of firms. We consider four employment-size classes, firms with positive R&D expenditure, firms in industries that have high R&D expenditure, and for firms in which more than half of the workforce is in highskilled occupations. 
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Reported standard errors are somewhat understated because we do not account for correlated errors for firms in the same location. The adjustment is not straightforward as firms may operate in more than one location. Our overall conclusion of weak influence of local area characteristics on innovation outcomes would be strengthened if we adjusted for the additional correlation. We estimated a variety of more detailed regression specifications, allowing for more extensive interactions between the different dimensions of population composition. The least restrictive specification allowed for separate effects for each of the twelve distinct combinations of nativity, skill, and recency of arrival. While some individual coefficients were significant, there was weak evidence of systematic impacts of population composition on innovation. Results from that analysis are available in Maré et al. 2010. 16 The industries with high R&D expenditure are identified as two-digit industries in which R&D expenditure accounts for more than 0.5 percent of total industry expenditure. The industries are: A02 (Services to Agriculture); B11 (Coal Mining); B13 (Metal Ore Mining); C25 (Petrol, Coal, Chemical and Assoc. Prod. Mfrg); C28 (Machinery and Equipment Mfrg); C29 (Other Manufacturing); L78 (Business Services); and N84 (Education). Collectively, these industries account for around 20 percent of firms and around 30 percent of employment in New Zealand. 17.6 (0) 417.6 (0) 26.3 (0) 21.2 (0) 74.6 (0) Reported coefficients are marginal effects from logistic regressions, evaluated at means. Coefficients on share variables are normalised to show the deviation from overall mean outcomes. All estimates take account of the stratified survey design and weighting, and include two-digit industry dummies and a 2007 year dummy. Numbers in brackets are standard errors (**;* significant at 1%;5% level respectively). Observation counts randomly rounded (base three). Lower observation counts in columns (5) and (8) result from dropping industries in which no firms reported the outcome. Reported goodness of fit statistics are calculated as in Archer and Lemeshow (2006) . Table 4 confirm the overall finding presented in earlier tables. Local workforce characteristics are not significantly related to the probability of innovative outcomes for any of the subgroups considered. Positive R&D expenditure remains a significant correlate of innovative outcomes. Firm size, as captured by the log of firm employment, is positively related to the probability of introducing new production processes for large firms, for high-R&D firms or industries, and for firms with skilled workers. Firm size within each subgroup of firms is not, however, significantly related to the probability of introducing new goods and services.
The results in
Conclusions
Recent empirical studies have identified a link between the presence of immigrants in an area and the innovative outcomes of firms in the area. Such a relationship is predicted by theories of innovation as a product of knowledge and ideas being transmitted between people with different information sets, through personal contact.
Consistent with such theories, we find a positive relationship between selected LMA-level average innovation outcomes and average workforce characteristics such as the proportion of migrants, the proportion of people new to the area, the proportion with highskills, and employment density. However, this positive relationship is not evident for all innovation outcomes. Furthermore, firm-level regression analysis indicates that the observed relationships are explained by variation in other firm characteristics such as industry, firm size and research and development expenditure. Controlling for these differences across firms, we find no robust evidence that the presence of migrants within ten kilometres of a firm has an effect on the firm's innovation outcomes. This finding holds across a range of different measures of innovation outcomes, and for the reported importance of new staff for innovation. We find no evidence for a link between innovation and local workforce characteristics even for subgroups of firms that have positive R&D expenditure, are in high-R&D industries, or have a highly-skilled workforce themselves. Our most consistent findings confirm the well-established positive relationships between innovation outcomes and firm size, and between innovation outcomes and expenditure on research and development.
While we cannot preclude the possibility that immigration provides a valuable input into -or stimulates -processes such as R&D that yield positive innovation outcomes, the lack of a clear direct link between innovation and local workforce characteristics in our results suggests that the spillovers from immigration to innovation are not as strong or pervasive as implied by previous studies. It is possible that the findings reflect distinctive features of New Zealand's immigration patterns or innovation system. New Zealand's relatively small size and low population density may limit the scope for spillovers and for dense networks of innovators to which immigrants could contribute. Whatever the explanation, our study suggests that innovation is not one of the primary benefits of New Zealand's large and skilled immigrant inflow.
